Abstract Intraosseous ganglia of the distal tibia are rare. We evaluated the feasibility of surgically treating these lesions with an arthroscopically assisted technique. Five patients with symptomatic distal tibial ganglia underwent surgical curettage and excision with this technique. All patients underwent débridement of the chondral lesion and hypertrophied synovial lining when present, probing of the portal to the ganglion, and subsequently thorough curettage with bone grafting performed through a cortical window made from a separate small incision. Biopsy confirmed the diagnosis in all patients. All patients had eventual relief of symptoms with good integration of bone graft at final followup. There were no recurrences at a minimum followup of 19 months (mean, 38.6 months; range, 19-69 months). Mean time for return to full function was 15.4 weeks (range, 8-17 weeks). There were no intraoperative or postoperative complications. The mean American Orthopaedic Foot and Ankle Society scores increased from 73 points (range, 67-77 points) preoperatively to 94 points (range, 90-100 points) postoperatively. Arthroscopically assisted surgical treatment of ganglia of the distal tibia in the appropriate patient is a reasonably simple technique that relieves symptoms and helps the patient to regain normal gait and full function with no recurrence (in our small series).
Introduction
Although soft tissue ganglia are the most common benign tumors in the extremities and occasionally show evidence of bony erosions, intraosseous ganglia are rare [6, 7, 12, 13] . Historically, cystic erosions located in the vicinity of a joint not associated with degenerative or inflammatory joint lesions have been reported under different names, mostly owing to the difference in interpretation of the etiology. Since the review article of Schajowicz et al. [15] , the universal term for this lesion is ''intraosseous ganglion.'' These lesions commonly are found in the lower extremity, the proximal tibia being the most common site [7, 8, 20] . There are some reports in the English literature regarding intraosseous ganglia around the ankle. Most of these lesions reportedly were in the tarsal bones and the medial malleolus and some in the lateral malleolus [4, 8, 12, 14, 16] .
Intraosseous ganglia of the distal tibia are rare [7, 12] . In the current scenario of advanced surgical techniques, arthroscopically assisted treatment of these juxtaarticular benign lesions is possible and can be meticulously accomplished. This technique has been used successfully for treating intraosseous ganglia in other locations, such as the talus, the femoral condyle, and the lunate [2, 11, 16, 18] .
We explored the feasibility of achieving adequate marginal excision of intraosseous ganglion cysts of the distal tibia via an arthroscopically assisted technique. Additionally, we report the presenting symptoms, patterns of distribution and dimensions of these lesions, associated changes of degree of arthritis in these ankles, intraoperative findings, postoperative American Orthopaedic Foot and Ankle Society (AOFAS) scores at latest followup, and recurrence rates at midterm followup.
Materials and Methods
We retrospectively reviewed all patients with histopathologically proven intraosseous ganglia of the distal tibial plafond treated with an arthroscopically assisted technique between January 2000 and December 2005. Five patients were found in our records (four males and one female), all of whom were included in the study. None of the five patients had any medical comorbidities. One patient described minor trauma to the medial malleolus with a metal bar approximately 6 years ago, which we believe is merely coincidental. All other patients denied trauma in their history. Patients' charts, radiographs, advanced imaging studies, and arthroscopic images and videos, were reviewed. All patients presented with intermittent dull aching pain in the ankle. The mean duration of symptoms from onset to diagnosis was 5.5 years (range, 2-10 years). Except analgesic medication, there was no intervention before surgery. The mean age was 49.8 years (32-61 years). We reviewed plain radiographic and MRI features to confirm the benign and cystic natures of the lesion (therefore most likely pointing toward the diagnosis of a ganglion cyst) and noted the lesion dimensions and anatomic location; we graded radiographic arthritis based on the previously published classification of van Dijk et al. [19] , where Grade 0 = normal joint or subchondral sclerosis, Grade 1 = osteophytes without joint space narrowing, Grade 2 = joint space narrowing with or without osteophytes, and Grade 3 = (sub)total disappearance or deformation of the joint space. We recorded the intraoperative findings, biopsy confirmation, and postoperative course. AOFAS scores (a previously validated functional score for the ankle and hindfoot) [9] were obtained preoperatively and at the latest followup. Finally, we noted recurrences. The minimum followup was 19 months (mean, 38.6 months; range, 19-69 months). Institutional review board approval was obtained.
Preoperatively, standardized plain radiographs of the ankle with weightbearing and MRI were obtained for all patients. All MR images showed a juxtaarticular, localized, subchondral, cystic lesion with cancellous edema noted near the ganglion. All intraosseous lesions were connected to the joint, despite various locations in the distal tibia. Three patients had no degenerative joint disease (Grade 0) and two had mild degeneration (Grade 1) ( Table 1) .
Arthroscopy of the ankle was performed with the patient under epidural anesthesia. All patients were operated on by the senior surgeon (MW). A two-portal approach with anteromedial and anterolateral portals was used in all cases. In Patient 3, two posterior portals were used. After routine diagnostic arthroscopy to look at the entire joint and note changes of degeneration, the cartilage lesion corresponding to the ganglion cyst was identified. In all patients, we identified a portal of entrance to the lesion from within the joint. It appeared as a small area of soft cartilage with a central fissure, and on probing, the probe would sink through the subchondral plate into the ganglion cyst confirming the path (Fig. 1) . The portal between the joint and the ganglion was débrided and the subchondral bone perforated to induce formation of a scar tissue and subsequent closure of the connection in all patients. In three of the five patients, we found moderate synovitis, which was débrided. In one patient, a small osteophyte on the tibia at the anterolateral joint line was removed. In two patients, a chondral lesion in the joint (one centrally and one medially) was débrided. The cyst then was approached through a separate incision where a cortical window was created based on the location of the cyst. All five lesions contained a viscous yellowish mucoid material in the cyst cavity. The entire lining membrane was débrided carefully and removed until the connection into the joint became visible (Fig. 2) . The cyst lining and débrided material underwent histopathologic analysis. The osseous cavity was packed with cancellous bone, which was obtained from the local distal tibial metaphysis. Owing to the potential negative effect of fluid extravasation on bone graft healing, we kept postoperative joint irritation to a minimum by immobilizing the ankle in a nonweightbearing cast for 3 to 4 weeks. We hoped this would allow early healing of the graft and formation of a tight closure of the joint-side entrance to the ganglion by scar tissue. Afterward, the cast was removed and full weightbearing was resumed progressively, typically within 4 to 6 weeks.
Postoperative followup was at 2 weeks, 4 weeks, 8 weeks, and 6-month intervals thereafter. Biopsy revealed a simple benign ganglion cyst with mucoid degeneration in all cases. Postoperative weightbearing radiographs were obtained at 3 months, at 1 year, and at the latest followup. Repeat MRI was performed only if there was persistent or residual pain.
Results
All patients underwent complete excision of the cyst via the arthroscopically assisted technique that offered the added advantages of observing and inspecting the entire joint surface.
The postoperative course was uneventful for all the patients. The mean duration of hospitalization was 3.8 days (range, 3-5 days). Hospitalizing the patients for a few days is a standard practice in our health system. With different sociocultural circumstances and in other health systems, this relatively minor procedure could be performed with much shorter hospitalization or even on an outpatient basis. The mean time to return to full duty was 15.4 weeks (8-17 weeks). The mean AOFAS scores increased from 73 points (range, 67-77 points) preoperatively to 94 points (range, 90-100 points) postoperatively ( Table 2 ). The AOFAS subscores for alignment (10 points), walking distance (5 points), ankle motion (6 points), and subtalar motion (8 points) remained unchanged preoperatively and postoperatively, with the maximum of points allocated for all patients in all of these subscores. The subscores for function (maximum 10 points) improved from an average of 8.2 points to 10 points, for walking on uneven surfaces (maximum 5 points) from 3.6 points to 5 points, and for ankle stability (maximum 8 points) from 6.4 points to 8 points. The score for pain was the only subscore that did not improve to the maximum (40 points), with the average score increasing from 18 points to 34 points. The plain radiographs taken at latest followup showed no signs of progression of osteoarthritis in any of the patients. None of the patients had any recurrence of the lesion. In four patients, the bone grafts were well integrated by the 6-month followup and they remained asymptomatic (Fig. 3) . One patient (Patient 5) who initially did well postoperatively had intermittent ankle pain at the 2-year 9-month followup. MRI was repeated at that point and showed evidence of scarring with some intraosseous edema at the location of the bone graft (Fig. 4) . Inflammatory and infection markers were negative and there was no recurrence of the ganglion cyst. At the latest followup, 69 months after surgery, the patient was asymptomatic with good function. Plain radiographs revealed no signs of recurrence.
Discussion
Intraosseous ganglia are rare, benign lesions of the bone. Various terms such as subchondral bone cyst, synovial bone cyst, intraosseous mucoid cyst, or juxtaarticular bone cyst have been proposed. Radiographs typically show a well-demarcated circular to oval radiolucent defect without internal calcification, outlined by a rim of sclerotic bone without altering the cortex. In the current scenario of advanced surgical techniques, arthroscopically assisted treatment of intraosseous ganglion cysts is possible. We explored the feasibility of achieving adequate marginal excision of intraosseous ganglion cysts of the distal tibia via an arthroscopically assisted technique. We also reported the presenting symptoms, patterns of distribution and dimensions of these lesions, associated changes of degree of arthritis in these ankles, intraoperative findings, postoperative AOFAS scores at latest followup, and recurrence rates at midterm followup.
There are limitations to this study. This observational analysis was performed on a relatively small sample size of five patients, which, considering the rarity of the diagnosis, may be a relatively large number. The length of followup is short (mean, 19 months) and certainly a limitation; however, all patients were followed carefully until they became symptom-free and had functional improvement. All patients and surgical outcomes including AOFAS scores were evaluated by the senior author and not by an independent observer, potentially introducing systematic bias. The study reflects the perspective of one institution regarding surgical approach and treatment of this rare disorder of the distal tibia (although one of the largest single series of this condition with surgical treatment and followup). A multi-institutional involvement or study design would have allowed not only a greater number of patients to be analyzed but also variations in treatment regimens. Unfortunately, because of the rarity of the diagnosis, such a prospective study would require a long time and recruitment of patients from multiple institutions. One of the major problems in our study design is the lack of a control group (with probably an isolated arthroscopy group and another isolated open-surgical group). Given the fact that we were convinced of the advantages of using the dual arthroscopically assisted technique and that it allowed thorough excision of the lesion with inspection and treatment of associated joint structures, we believed it was unethical to withhold parts of this treatment to other patients in the interest of creating a control group. Some surgeons in our area and regional hospitals who use only the open technique may be a reasonable source of control patients for future studies. Given that all patients initially were treated at other centers and referred for surgical consideration, it is possible we examined a group of patients for whom nonoperative treatments already had failed and had more of a joint involvement attributable to delay in treatment, resulting in selection bias. The rarity of the condition and its vague initial presentation, with likely failure of nonoperative measures and subsequent referral to a tertiary institution, are probably the scenario most subspecialists in different parts of the world will encounter.
We did not offer nonoperative treatment (eg, a nonweightbearing cast for a period of time) to these patients as we did not believe the chances of success were likely after the many years of symptoms. The average duration of symptoms was 5.5 years. The reason for the long delay until diagnosis and referral is that the patients typically present to their family physician with intermittent mild to moderate pain of several months' to years' duration. With negative physical examination and normal plain radiographs, the patients receive no treatment or only analgesics. Only on further recurrence or increasing pain would MRI be performed, leading to diagnosis and referral. The bone marrow edema surrounding the ganglion would seem more likely the cause of the dull, deep-seated pain than the associated synovitis in the recesses, which was only mild to moderate. Therefore, we believe a synovectomy alone would not have been a treatment option with sufficient chance of lasting relief of symptoms. In all our patients, review of the MRI by an experienced musculoskeletal radiologist and the treating team of orthopaedic surgeons led to the unanimous diagnosis of a ganglion. In case of doubt, it is imperative a biopsy of the lesion be done extraarticularly first and to avoid a caveat arthroscopy [10, 17] .
Arthroscopy never should be used as a substitute for proper clinical and radiographic examinations before surgery. Surgeons should only proceed with surgery if they are absolutely certain about the benign nature of the lesion. If there is any doubt regarding the nature of the tumor, the The constant finding of a small area of soft and fissured cartilage with an underlying defect of the subchondral bone giving direct portal of access (valve) to the ganglion seems to support the theory of an articular origin of the ganglion [5, 14] , rather than a degenerative process in epiphyseal cancellous bone penetrating the joint [7, 8, 15, 20] . Hypothetically, the portal of access then would allow joint fluid penetration into the subchondral cancellous bone with pressure erosion of the trabeculae and subsequent formation of a cyst. Débridement of the cartilage lesion, in conjunction with the cancellous packing of the cyst, we believe, induced scarring and closure of this portal, thus effectively sealing it and preventing recurrence. Lacking a control group of patients with a similar disorder treated with bone grafting alone, this explanation cannot be confirmed.
Crabbe [5] initially reported 10 cases of a cystic lesion adjacent to a joint, surrounded by a zone of sclerosis, and introduced the term ''intraosseous ganglion.'' By 1973, fewer than 40 cases of intraosseous ganglia had been reported in the English literature, according to Feldman and Johnston [6] . Schajowicz et al. [15] reported 88 cases over 17 years with followups from 1 to 12 years. Sixteen of the 88 cases were about the ankle. All were treated with open excision of the ganglion and bone grafting, with two recurrences. In general, recurrences seem rare, as the reported recurrence rates are only 2.2% to 7% [12, 15] .
Arthroscopic techniques for treating benign lesions of the distal tibial plafond have been described [1, 3] , but apparently not for intraosseous ganglia of the distal tibia. Our hypothesis of the valve mechanism in the etiology of the ganglion requires removal of this circumscript osteochondral lesion. This can be accomplished from the joint side or from the ganglion side. We fear débriding the lesion from the ganglion side either will be inadequate or possibly lead to excessive joint damage. From the joint side, this can be obtained much more precisely and reliably. We believe the arthroscopic approach is more comfortable for the patient. We were able to observe the joint well in all cases, locate the portal or valve into the ganglion cyst, and perform thorough débridement of chondral debris and hypertrophic synovial lining through the portal. Additionally, the small incision to make a cortical window helped in thorough curettage and complete excision of the lining of the cyst wall. We believe the combined technique was responsible for complete relief of symptoms noted in all our patients (as the intraarticular débridement helped to relieve symptoms emanating from the joint). Also, the bony window, with curettage and grafting and eventual consolidation of the graft in the cavity, was helpful in preventing recurrence. Although we had few patients in this series, we believe the recurrence rate is low with this technique.
Based on our small series, it seems feasible to treat distal tibial intraosseous ganglion cysts with arthroscopically assisted surgical intervention, débridement and curettage with bone grafting, with good results and improvement of function. All patients became symptom-free and we observed no recurrences.
